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Abstract. In this paper macrodiversity system with macrodiversity selection combining 
(SC) receiver and two microdiversity SC receivers operating over composite shadowed 
multipath fading environment is considered. Received signal is subjected simultaneously 
to gamma long term fading and α-κ-μ short term fading resulting in system performance 
degradation. Macrodiversity SC receiver reduces gamma long term fading effects and 
microdiversity SC receivers mitigate α-κ-μ short term fading effects. Analitical expression 
for average level crossing rate of proposed wireless mobile system represented as an 
infinite series is evaluated. Mathematical and numerical analysis are shown influences of 
gamma fading severity, α-κ-μ multipath fading severity, and Rician factor on average 
level crossing rate. 
Key words: gamma shadowed, level crossing rate, Nakagami-m, macrodiversity, 
microdiversity 
1. INTRODUCTION 
Small scale fading and large scale fading degrade outage probability, bit error 
probability and channel capacity of wireless communication system. Received signal 
experiences short term fading resulting in signal envelope variation and long term fading 
resulting in signal envelope power variation. Reflections and refractions cause multipath 
propagation and large obstacles between transmitter and receiver cause shadowing. There 
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are multiple distributions can be used to describe signal envelope in multipath fading 
channels depending on nonlinearity of line-of-sight component in environment the 
number clusters in channel, inequality of quadrature components powers and average 
power variation. Rician distribution can be used to describe small scale signal envelope 
variation in linear, line-of-sight multipath fading environment. The κ-μ distribution 
describes short term fading when multiple LOS components exist in environment. The α-
κ-μ statistical model can describe signal envelope in nonlinear environments when 
surfaces are correlated resulting in nonhomogeneous scattering field [1]. Log-normal 
distribution and gamma distribution can be used to describe signal envelope power 
variation in shadowing channels. When log-normal distribution is used to describe long 
term fading, closed form expressions for outage probability and bit error probability of 
macrodiversity wireless communication system can not be obtained. Theoretical results 
and measured data have shown that gamma statistical model can well describe signal 
envelope power variation in fading channel [2][3][4]. 
Macrodiversity system with macrodiversity SC receiver and two or more microdiversity 
SC receiver can be used to simultaneously reduce shadowing and multipath fading on system 
performance. Microdiversity receiver is realized by using multiple antennas on base station. 
Macrodiversity system is provided by using signals with two or more base stations in cell. 
Average level crossing rate and average fade duration are second order performance 
measures of communication system. Average level crossing rate can be calculated as 
average value of the first derivation of random variable. There are several combining 
techniques which can be used to reduce long term fading effects and short term fading 
effects on system performance depend on implementation complexity and diversity gain. 
The SC diversity techniques has the least complexity due to the processing is performed 
only on one diversity branch. The SC receiver selects the branch with the highest signal-
to-noise ratio. There are more waves considering second order statistics of macrodiversity 
system in open technical literature [5][6][7][8][10][11]. 
In paper [9], macrodiversity SC receiver with two microdiversity MRC receivers 
operating over composite gamma shadowed Nakagami-m multipath fading channel is 
analyzed. Average level crossing rate and average fade duration of proposed system are 
calculated. Average level crossing rate and average fade duration of macrodiversity system 
operating over gamma shadowed Rician fading environment are evaluated. 
In paper [10], macrodiversiti SC receiver with two SC receivers operating over composite 
gamma shadowed Rayleigh multipath fading channel is analyzed. Closed form expressions 
for level crossing rate of microdiversity SC receivers output signals envelopes are calculated. 
In this paper macrodiversity system with macrodiversity SC receiver and two 
microdiversity SC receivers operating over shadowed multipath fading channel is studied. 
Received signal is affected simultaneously to bout gamma long term fading and α-κ-μ 
short term fading. Expression for average fade duration of macrodiversity SC receiver 
output signal envelope represented as an infinite series is calculated. To the best authors 
knowledge, second order statistics of macrodiversity system operating over gamma 
shadowed α-κ-μ multipath fading channel is not considered in open technical literature. 
Obtaining results in this paper can be used in performance analyzes and designing of 
wireless communication system in composite shadowing multipath fading channels. 
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2. LEVEL CROSSING RATE OF ALPHA-KAPPA-MU RANDOM VARIABLE 
The α-κ-μ random variable can be used to describe small scale signal envelope 
variation in nonlinear, line-of-sight multipath fading environment [12]. This distribution 
has three parameters. The parameter α is related to nonlinearity of propagation environment. 
The parameter κ is Rice factor defined as ratio of dominant components power and 
scattering components power. The parameter μ is associated to the number of clusters in 
propagation environment. The α-κ-μ fading channel is a general channel. For α=2, α-κ-μ 
fading channel becomes α-κ-μ fading channel. By setting for κ=0, α-κ-μ distribution 
becomes α-μ distribution and by setting for α=2 and κ=0 Nakagami-m distribution can be 
derived from α-κ-μ distribution. For μ=1 and α=2, α-κ-μ distribution approximates Rician 
distribution. The α-κ-μ random variable x is [12] 
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where y=κ-μ random variable. Squared κ-μ random variable y2 can be written as sum of 
2μ independent Gaussian random variables with the same variance 
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The first derivation of α-κ-μ random variable is 
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The first derivation of Gaussian random variable is Gaussian random variable. This 
1y , 2y ,…, 2y   are independent Gaussian random variables. Linear transform of 
Gaussian random variables is Gaussian random variable therefore the first derivation of  
α-κ-μ random variable follows conditional Gaussian distribution. The mean of x is [13] 
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The variance of x is [13] 
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After substituting (6) in (5), the expression for variance of the first derivation of α-κ-μ 
random variable becomes 
 
2 2
2
2 2
4
( 1)
m
x
f
kx


 



. (7) 
102 A.V. MARKOVIĆ, Z.H. PERIĆ, D.B. ĐOŠIĆ, M.M. SMILIĆ, B.S. JAKŠIĆ 
Joint probability density function of α-κ-μ random variable and the first derivation of 
α-κ-μ random variable is 
 ( ) ( / ) ( )xx x xp xx p x x p x , (8) 
where px(x) is probability density function of α-κ-μ random variable. The probability 
density function of α-κ-μ random variable is 
   2x y
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The probability density function of α-κ-μ random variable y is 
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After substituting (10) in (9), the expression for probability density function of α-κ-μ 
random variable becomes 
 
1
1
1
1
2 1( 1) 12
1
1 1012
( 1) ( 1)
( )
! ( )
ik x i
x
ik
k k k x
p x e
i i
k e


  

 




    



  
      

 . (11) 
The average level crossing rate of α-κ-μ random variable can be evaluated as average 
value of the first derivation of α-κ-μ random variable 
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The cumulative distribution function of α-κ-μ random variable 
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The expression for level crossing rate of α-κ-μ random variable can be used for 
evaluation of average fade duration of wireless communication system operating over α-κ-μ 
multipath fading channel. 
Level crossing rate of SC receiver output signal envelope dual SC receiver input 
signal experiences α-κ-μ multipath fading independent and identical signal envelopes at 
inputs of SC receiver are denoted with x1 and x2 and SC receiver output signal envelope is 
denoted with x. Joint probability density function of SC receiver output signal envelope 
and the first derivation of SC receiver output signal envelope is 
 
1 1 2 2 2 1 1 1 2
( ) ( ) ( ) ( ) ( ) 2 ( ) ( )xx x x x x x x x x xp xx p xx F x p xx F x p xx F x   . (14) 
The level crossing rate of SC receiver output signal envelope is 
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where Nx1 is given with (12), Fx2(x) is given with (13). Cumulative distribution function of 
SC receiver output signal envelope can be calculated as product of cumulative 
distribution functions of signal envelopes at inputs of SC receiver: 
 
1 2 1
2( ) ( ) ( ) ( ( ))x x x xF x F x F x F x  . (16) 
Average fade duration of SC receiver can be calculated as ratio of outage probability 
and average level crossing rate 
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Obtained expressions for average level crossing rate and average fade duration can be 
used for performance analysis of wireless communication system with SC receiver 
operating over α-κ-μ multipath fading environment. 
 
3. LEVEL CROSSING RATE OF MACRODIVERSITY SC RECEIVER OUTPUT SIGNAL ENVELOPE 
Macrodiversity system with macrodiversity SC receiver and two microdiversity SC 
receiver is considered. Received signal experiences Gamma long term fading resulting in 
signal envelope power variation and α-κ-μ short term fading resulting in signal envelope 
variation. Gamma shadowing is correlated due two base stations are shadowed by the 
same obstacle. Signal envelopes at outputs of microdiversity SC receivers are denoted 
with x and y and macrodiversity SC receiver output signal is denoted with z. Average 
powers at inputs of microdiversity SC receiver are denoted with Ω1 and Ω2. Random 
variables Ω1 and Ω2 follow correlated Gamma distribution: 
104 A.V. MARKOVIĆ, Z.H. PERIĆ, D.B. ĐOŠIĆ, M.M. SMILIĆ, B.S. JAKŠIĆ 
 
2
1 2
2
1 2
2
2 2 0
2 1
1 2 1 2
002 12
0
1 1 (1 )
1 2
2 2
1
( )
(1 )
( )(1 )
1
! ( )
i c
c
ic
i c i c
p
c
e
i i c



 
 
  

 

     
 
       
  
 
 

 (18) 
where c is order of Gamma distribution, ρ is correlation coefficient, Ω0 is an average 
power of Ω1 and Ω2. Macrodiversity  SC receiver selects microdiversity receiver with 
higher average power. Therefore average level crossing rate of macrodiversity SC 
receiver output signal envelope is 
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The incomplete Gamma function γ(n,x) according to Eq.(8.310/1) from [14] is 
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 The integral I is 
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The integral I1 is 
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The integral I2 is 
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The integral I3 is 
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The integral I4 is 
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 4. NUMERICAL RESULTS  
In Fig. 1, normalized average level crossing rate versus normalized macrodiversity SC 
receiver output signal envelope is plotted for several values of Gamma fading severity c and 
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correlation coefficient ρ. Average level crossing rate decreases as shadowing severity decreases 
and system performance are better. When order of gamma distribution goes to infinity gamma 
shadowed α-κ-μ multipath fading channel becomes α-κ-μ multipath fading channel. For lower 
values of parameter c (order of gamma distribution) long term fading is more severity. For 
lower values SC receiver output signal envelope, average level crossing rate increases until it 
reaches the maximum and it decreases as SC receiver output signal envelope increases. 
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Fig. 1 Normalized average level crossing rate versus normalized macrodiversity SC 
receiver output signal envelope for several values of parameter c and ρ 
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Fig. 2 Normalized average level crossing rate in terms of normalized macrodiversity SC 
receiver output signal envelope for several values of Rician factor κ and parameter μ 
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Normalized average level crossing rate in terms of normalized macrodiversity SC 
receiver output signal envelope is shown in Fig. 2 for several values of Rician factor κ and 
κ-μ fading severity. Normalized average level crossing rate decreases as Rician factor κ 
increases. When Rician factor increases multipath fading severity decreases. When Rician 
factor κ goes to infinity and Gamma parameter c goes to infinity, gamma shadowed Rician 
multipath fading channel becomes no fading channel. Rician factor κ is equal to the ratio of 
dominant components power and scattering components power. When average level 
crossing rate decreases system performances are better. Outage probability obtained lower 
values for higher values of dominant component power and lower values of scattering 
components power. 
5. CONCLUSION 
Macrodiversity system with macrodiversity SC receiver and two microdiversity SC 
receivers operating over composite gamma shadowed α-κ-μ fading channel is considered. 
Macrodiversity SC receiver to reduce gamma large scale fading on system performances 
and microdiversity SC receivers are used to mitigate α-κ-μ small scale fading effects on 
system performances. Average level crossing rate of macrodiversity SC receiver output 
signal envelope is evaluated. The α-κ-μ distribution is general distribution. Rician, Nakagami-
m, α-μ, κ-μ, Rayleigh, Weibull distributions can be derived from α-κ-μ distribution as special 
cases. 
By setting for α=2 in obtained expression for average level crossing rate of α-κ-μ 
random variable can be derived the expression for average fade duration of κ-μ random 
variable, by setting for α=2 in expression for average level crossing rate of macrodiversity 
SC receiver output signal operating over gamma shadowed α-κ-μ multipath fading channel 
can be obtained the expression for level crossing rate of macrodiversity SC receiver output 
signal operating over gamma shadowed κ-μ multipath fading environment. Obtained results 
are graphically presented the shown influence Rician factor, gamma shadowing severity 
nonlinearity parameter and α-κ-μ multipath fading severity on average level crossing rate of 
considered system. System performances are better for lower values of average level 
crossing rate. Average level crossing rate decreases as Rician factor increases. Rician 
factor increases as dominant components power increases on scattering components power 
decreases. Average level crossing rate is greater for lower values of gamma shadowing 
fading severity. Average level crossing rate increases as correlation coefficient increases. 
When correlation coefficient goes to one, both base station are showed by the same 
obstacle over the least signal occurs simultaneously on both microdiversity SC receivers 
resulting in diversity gain degradation. When coefficient of correlation goes on one, the 
macrodiversity system becomes microdiversity system. The influence of Rician factor on 
average level crossing rate is higher for lower values of gamma fading severity. When 
gamma fading severity goes to infinity composite gamma shadowed α-κ-μ multipath 
fading channel becomes α-κ-μ multipath fading channel. 
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